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ABSTRACT 

The procedures  which were employed i n  t h e  p r e p a r a t i o n  of hya ra -  

z i n e  e x p u l s i o n  b l a d d e r s  for N a r i n e r  69  are d e s c r i b e d .  

were prepared from a b u t y l  r u b b e r  compound. A matched aluminum 

mold w l t h  s o l u b l e  aluminum c o r e s  was employed. 

r e su l t ed  i n  seamless one-piece bladders .  

These 

The p r o c e s s  

A compounding s t u d y  fo r  improving t h e  c o m p a t i b i l i t y  and perxc- 

a b i l i t y  of e t h y l e n e  propylene copolymer and t e rpo lymers  w l t h  

hydraz ine  was conducted.  It was shown t h a t  t h e  cho ice  of i n e r t  

f i l l e r s ,  such as hydrated s i l i c a  and c l a y ,  caused much less 

h y d r a z i n e  decomposi t ion  than  t h e  employment of carbon b l a c k .  

Some o f  t h e  permeat ion  data  were a l s o  e x t r e m e l y  low. 

zine immersion .was conductea a t  125OF. 

The n y d r a -  

Exper imenta l  b ladders  were produced from one of t h e  conpounds 

which was s e l e c t e d  as having t h e  best  b a l a n c e  o f  p r o p e r t i e s  

f o r  hydraz ine  s e r v i c e .  Both molding and c o r e  d i s s o l u t i o n  wlth 

Compound 10 p r e s e n t e d  more d i f f i c u l t  problems t h a n  were encoun- 

tered w i t h  t h e  b u t y l .  T h e  c o r e  d i s s o l u t i o n  procedure  was not  

comple te ly  r e s o l v e d  a t  t h e  end o f  t h e  program. 

Molding of diaphragms,  as opposed t o  b l a d d e r s ,  can be  accomgllshedk 

w i t h  r e l a t i v e  ease with e i t h e r  b u t y l  or e t h y l e n e  propylene  

compounds 
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I. SUMMARY 

The need for improved r u b b e r  compos i t ions  f o r  s e r v l c e  ir. hydra- 

z i n e  as t h e  o p e r a t i o n a l  t e m p e r a t u r e  r e q u i r e m e n t s  has been  i ~ c r e a s e ;  

t o  125OF prompted t h e  i n i t i a t i o n  o f  a r u b b e r  conpound d e v e l o p x e n t  

pra6;ram. All of tnc proposed compounds were based on e t h y i e r t e  

p r o p y l e n e  copolymer o r  t e r p o l y m e r s .  

The main e f f o r t  was d i r e c t e d  Loward a r e d u c t i o n  o f  hydrazif ie  

decompos i t ion .  Four cornpounds two each  based. on t h e  c o p o l y m r  

an6  t e r p o l y m e r  showed a s i g n i f i c a n t  improvement o v e r  p r e v i o u s l y  

q u a l i f i e d  c o q o u n d s .  Compounds 8 and 10 were t e r m i n a t e d  afLer 

135 days of h y d r a z l n e  inmers ion .  They were r e s t a r t e d  and exposec  

aga in  an a d d i t i o n a l  328 days b e f o r e  t e r m i n a t i o n  t h u s  suggesting 

the e f f i c a c y  o f  p a s s i v a t i o n .  

'There was also  a n  anomaly i n  which low p e r m e a b i l i t y  was u c o m -  
\ 

p a n i e a  by r e l a t i v e l y  h i g h  h y d r a z i n e  a d s o r p t i o n ,  The permeability 

o f  Compound '9 was u n d e t e c t a b l e  a f t e r  one month of exposure  whtle 

t h e  weight  1 n c r e a s e : a f t e r  two weeks w 8 5  23 p e r c e n t .  
! 

The t e c h n i q u e  f o r  p roduc ing  seamless b l adde r s  c o n s i s t e d  o f  mold-  

i n g  with matched t o o l i n g  and hollow aluminum c o r e s .  'fne c o r e s  

were d i s s o l v e d  w i t h  c a u s t i c  s o l u t i o n s .  

Dlaaders were produced  f o r  Mar iner  69 from Buty l  Cornpoiad ?3 

6-60-26. I n  a d d i t i o n ,  b l a d d e r s  were also produced  fro= Cc:n?-cna 

1 0 ,  which I s  based on e t h y l e n e  p r o p y l e n e  terpclymer.  ?he f o r z e r  

were produced s a t i s f a c t o r i l g  b u t ,  t h e  l a t t e r  p r e s e n t e d  p r o S i 2 z s  

which were no t  comple t e ly  resolved a t  t h e  end of  t h e  p rograa .  
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11. INTRODUCTION 

The use of b l a d d e r s  and diaphragms f o r  t h e  c o n t r o l  o f  l i q u i d s  

i n  p o s i t i v e  e x p u l s i o n  sys tems,  which o p e r a t e  i n  a z e r o  Gravity 

environment, has been a common p r a c t i c e  f o r  many years. 

c o m p a t i b i l i t y  o f  f l e x i b l e  materials which come In c o n t a c t  with 

t h e  f l u i d  has  commarlded c o n s i d e r a b l e  a t t e n t i o n .  

Thc 

Hydraz ine  has p r e s e n t e d  d i f f i c u l t i e s  which become more s e v e r e  

as exposure  times and t e m p e r a t u r e s  are i n c r e a s e d .  One of t h e  

main problems has been hydraz ine  d e c o x p o s l t i o n .  

t a n e o u s ,  t o  a degree, s i n c e  c o n t r o l  tes ts  which c o n t a i n  no 

samples also e x h i b i t  some decomposi t ion .  

It  is s p m -  

There i s  a wide v a r i a t i o n  between v a r i o u s  materials as e f f e c -  

t i v e  c a t a l y s t s .  Rubber compounds have caused  h y d r a z i n e  decom- 

p o s i t i o n  which has been of s u f f i c i e n t  magni tude t o  be c o n s i d e r e d  

undesireable.  

The program d e s c r i b e d  i n  t h i s  r e p o r t  was d i r e c t e d  toward t h e  

development of r u b b e r  composi t ions  which would c o n t r i b u t e  low 

h y d r a z i n e  decomposi t ion .  

would make them s u i t a b l e  f o r  use I n  e x p u l s i o n  b l a d d e r s  include, 

low permea t ion  t o  hydraz ine  and low compression s e t .  

s t r e n g t h ,  e l o n g a t i o n ,  and Shore  h a r d n e s s  v a l u e s  had t o  b e  suit- 

able f o r  diaphragm and b l a d d e r  a p p l i c a t i o n s .  

: 

O t h e r  d e s i r e a b l e  p r o p e r t l e s  w h i c h  

T e n s i l e  

The program i n c l u d e d  the development of a molding t e c h n i q u e  

2. 
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I 

I 
1 f o r  p roduc ing  seamless b l a d d e r s .  

3 .  

,2ny one of s e v e r a l  t e c h n i q u e s  might have been eii;lpl.c;yed. 9i;t 

s i n c e  an  O-ring was a n  i n t e g r a l  p a r t  t o  be moleed, and Since ciost  

O-r ing s e a l i n g  e l e m e n t s  a r e  molded, i t  w a s . l o g I c a 1  t o  assume i . 
t h a t  moldlng was t h e  optimum t e c h n i q u e  for maklnp t h e  Kariner 6 9  

seamless b l a d d e r .  The main problems w i t h  t h e  molding t echr.ique 

have been  s e l e c t i o n  of t h e  c o r e  mater ia l ,  design and  f a b r i c a t i o n  

of a s u i t a b l e  c o r e  assembly  and removal  of t h e  c o r e  from a molded 

b l a d d e r .  

The approach  i n  t h i s  program was t o  u s e  hol low aluminum c o r e s  

f o r  l i g h t  weight as well as t o  r e d u c e  t h e  d i s s o l u t i o n  t ime.  The 

c o r e s  had t o  be t h i c k  enough s o  t h a t  d i m e n s i o n a l  s t a b i l i t y  c o u l d  

be  m a i n t a i n e d  d u r i n g  t h e  molding o p e r a t i o n .  

C a u s t i c  s o l u t i o n s  were employed f o r  t h e  d i s s o l u t i o n  o r  t h e  c o r e s .  

These  r e q u i r e d  some s t u d y  w i t h  r e spec t  t o  c o n c e n t r a t i o n s ,  temper- 

a t u r e s ,  and flow ra tes .  

, F I O D  



111. TECHNICAL DISCUSSION 

A .  Genera l  

The program was conducted i n  three phases as follows: 

A .  Compound Development 

B. Bladder F a b r i c a t i o n  Development 

C.  P r o d u c t i o n  of Bladders  

P r e s s u r e  r i s e  and pe rmea t ion  tests d u r i n g  h y d r a z i n e  i m m e r -  

s i o n  were conducted  by t h e  Jet  P r o p u l s i o n  L a b o r a t o r y .  

A mold which was used I n  p r e p a r i n g  expe r imen ta l  expulsion 

b l a d d e r s  f o r  Mariner 64 was employed iii o r d e r  t o  produce 

bladders  which were s i n g l e  p i e c e  and seamless. 

hollow c o r e s  were made from aluminum alloy 6061'16. 

The  rnold znd? 
k 

F i g u r e s  I and I1 d e p i c t  t h e  bladder and c o r e ,  r e s p e c t i v e l y .  

The f e m a l e p o r t i o n  of t h e  mold I s  c o n v e n t i o n a l  I n  c o n s t r u c -  

t i o n  and i s  n o t  shown. 

B. Compound Development 

All compounding I n g r e d i e n  

t P 
I 
8 s are a v a i l a b l e  commerc ia l ly .  
P i;: The b a t c h  s i z e  was approximate ly  1-1/2 pounds. A l l  com- 

pounds were Banbury mixed i n i t i a l l y  i n  acco rdance  w i t h  t h e  

I 

following p r o c e d u r e  : 

'10s 



E l a p s e d  Time,  
K i n u t e s  Opera t  i o n  

a. Add Polymer t o  Banbury 0 

b .  Add 1 / 2  of f i l l e r ( s )  - 5  
c.  Add b a l a n c e  o f  f i l l e r ( s )  2 . 0  

d .  Remove from Banbury 5.0 
e.  Place on m i l l  Not A p p l i c a b l e  

f .  Add v u l c a n i z i n g  a c e n t s  
and b l e n d  5 ( a f t e r  St,ep e )  

A l l  e x p e r i m e n t a l  compounds In t h e  program were based on e t k , y l c n e  

p r o p y l e n e ,  copolymer and t e r p o l y m e r s .  

S t a n d a r d  ASTM s labs  and compression seti b u t t o n s  were molded f r o n  

each compound. 

k minimum o f  t h r e e  c u r e  t imes  was se lec ted .  I n  s e v e r a l  c a s e s  

a d d i t i o n a l  a i r  oven p o s t  c u r e s  were employed. 

Cure c o n d i t i o n s  f o r  t es t  samples were s e l e c t e d  on t h e  basis o f  

minimum e l o n g a t i o n  and maximum modulus. 

Ten compounds were fo rmula t ed  as shown i n  T a b l e  V I I I .  Cornpourid 

1 I s  EPR 132 which was developed by  t h e  R e a c t i o n  Motors Elvision 
I 

of t h e  T h i o k o l  C o r p o r a t i o n .  

HAF ca rbon  b l a c k  as a f i l l e r  w h i l e  t h e  r e m a i n i n g  SIX contz i r ied  

I c e c a p  KE c l a y ,  S i l e n e  D ,  o r  a m i x t u r e  o f  both. 

The f i rs t  f o u r  compounds c o n t a i n e d  
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Nordel 1320 

Nordel  1 4 4 0  

V i s t a l o n  4 0 4  

V i s t a l o n  3509 

Royalene 301 

The f o l l o w i n g  polymers  were i n c l u d e d  i n  t h e  p r o g r a E : .  

Dupont 

Dupont 

Enjay 

E n j a y  

U . S .  R u b b e r  

As e x p e c t e d ,  non-black f i l l - r s  Rave lower  t e n s i l e  s t r e n c t h s  

(950 t o  1700 p s i )  g e n e r a l l y  a l t h o u g h  Royalene 3 0 1  Conpounds 9 

arid 1 0  compared f a v o r a b l y  w i t h  Compound 1 (1800psi). Elonga- 

t i o n s  d i d  n o t  e x h i b i t  any p a r t i c u l a r  t r e n d  (180 t o  4 2 0 % ) .  

The h a r d n e s s . v a l u e s  o f  compounds from t e r p o l y m e r s  were gene?- 

a l l y  h ighe r  t h a n  t h o s e  from copolymer Vistalon 404  w I t h  com- 

parable f i l l e r  l o a d i n g .  

Cur ing  sys t ems  i n c l u d e d  p e r o x i d e ,  r e s i n  and s u l f u r  c u r e s .  

P e r o x i d e  c u r e s  gave  the  

Royalene 301 compound 9 hav ing  t h e  lowes t  v a l u e ,  7.4 p e r c e n t .  

It s h o u l d  be n o t e d  t h a t  tests were conducted  f o r  7 days a t  

158OF ra ther  t h a n  t h e  usual 22 h o u r s .  

T a b l e  I. 

bes t  compress ion  s e t  vzlues w i t h  

Data i s  s u m a r i z e d  in 

I 
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P l O O  

T a b l e  I 

Compression Set a f t e r  7 Days F 158OP 

Compound . Peroxide  
No. Cure 

1 
2 
3 
4 

5 
6 
7 
a 
3 
10 

19.2 
10.7 

12.2 
22.1 

7.4 

Resin S u l f m  
Cure Cure 

1 8 . 0  

24.2 

18.8 
35.8 

27 .5  

Data a t  selected c u r e s  a r e  shown i n  T a b l e  I X  whi le  cornplete 

da ta  from each compound appear i n  T a b l e s  X t h r o u g h  X I X .  

Compound 1 0 ,  w i t h  which the most work was a c c o m p i i s h e e ,  hzd a 

s u l f u r  bloom. It d i d  not reappear a f t e r  h y d r a z i n e  immersion. 

Hydraz ine  immersion t e s t s  were conducted  a t  t h e  J e t  Propulsion 

L a b o r a t o r y .  

d e t e r m i n i n g  p r e s s u r e  r i s e .  It c o n s i s t e d  bas1 cally o f  encapsu- 

l a t i n g  t h e  h y d r a z i n e  and t e s t  sample in a glass c o n t a i n e r  t o  

The t e s t  for c o m p a t i b i l i t y  was accompl ished  by  

wnlch a pressure gauge was a t tached .  The t e n p e r a t u r e  was 125°F. 

The tes t  method is described i n  Refe rence  2 .  T e s t s  were ter- 

mina ted  b e f o r e  t h e  p r e s s u r e  rose t o  f i f t y  pounds p e r  square 

i n c h .  The data I s  summarized i n  T a b l e  11. 

7 .  



T a b l e  I1 

C o m p a t i b i l i t y  w i t h  Hydrazine 1 2 5 O F  

- Compound Termina t ion  50 days, p s i  
Days t o  P r e s s u r e  a f t e r  

Fargo FR6-60-26 
Parker  E515-8 8 

S t i l l m a n  SR722-70 
1 
2 
3 
4 
5 
6 
7 

9 
10 

a 

Blank 

23 
17  
23 
2'3 
23 

4 
4 

l o  
-- 
13 

135* 
20 

l35* -- 
*Fiestarted and r u n  for a n  a d d i t i o n a l  

-- 
6 
4.5 

328 days b e f o r e  t e rmi n a t  i o n  

A l l  of t h e  compounds which c o n t a i n e d  c a r b o n  b l a c k  were t e r n i n -  

atea p r i o r  t o  30 days.  I n t e r e s t i n g l y ,  t h e  f o u r  compounds which 
[ were s t i l l  under  t e s t  a f t e r  60 d a y s  had a wide r ange  o f  cha rac -  !4 

tt t e r i s t i c s .  
it 
ti copolymers  w h i l e  compounds 8 and 1 0  are s u l f u r  c u r e d  t e r p o l y m e r s 1  

Compounds 5 and 6 are based  on p e r o x i d e  cu red  

The performance of Compounds 7 and 9 I s  n o t  r e a d i l y  e x p l i c a b l e ;  I 
the presence of contamination In the rubber I s  a p o s s i b i l i t y .  

5 

li It s h o u l d  be noted t h a t  compounding w i t h  f i l l e r s  o t h e r  t n n n  

carbon b l a c k  a r o s e  from the f a c t  t h a t  h y d r a z i n e  d e c o q o s i t i o n  1 
p r o d u c t s  c o n s i s t  only of hydrogen ,  n i t r o g e n ,  and ammonia. There-! t 

fore, i t  was assumed tha t  t h e  decompos i t ion  was due  t o  t h e  

p r e s e n c e  of ca t a lys t s .  S i n c e  t h e  f i l l e r  comp,rises a major 

, 

i 
i 
4 

f r a c t i o n  of most r u b b e r  compounds, i t  was s u s p e c t e d  t ha t  t h e  a 



e f f e c t  f rom a large amount o f  f i l l e r  would mask t h a t  o f  rnlnctc 

r e s i d u a l  q u a n t i t i e s  of v u l c a n i z i n g  a g e n t s  such  as s u l f u ? .  

'The u s e  o f  p l a s t i c i z e r s  and o t n e r  a d d i t i v e s  was avo ided  i n  

o r d e r  t o  minimize con tamina t ion  of  h y d r a z i n e  by l e a c h i n 8  and 

a l s o  t o  l i m i t  t h e  number of p o s s i b l e  r e a c t i o n s  w i t h  h y d r a z i n e  

t o  a minimum. P a s s i v a t i o n  was e f f e c t i v e  s i n c e  Compounds 8 and 

10 which were t e r m i n a t e d  a t  1 3 5  days ,  were re immersed  and went 

f o r  328  days b e f o r e  t e r m i n a t i o n .  

The hycirazine pe rmea t ion  t e s t s  were conducted  i n  acco rdance  w i t h  fr 
a 

2 e f e r e n c e  3 .  The t e s t  sanple  has a pe rmea t ion  area o f  one sguart;' 

- 

i n c h .  The h y d r a z i n e  which permeated was c o l l e c t e d  ane t i t r a t e d  

f o r  q u a l i t a t i v e  d e t e r m i n a t i o n s .  The weight change t e s t  xas per- 

formed w i t h  t h e  u s e  of weighing  b o t t l e s  s i n c e  h y d r a z i n e  i s  q u i t e  

v o l a t i l e .  

A very  i n t e r e s t i n g  phenomenon was t h e  a s s o c i a t i o n  of low' p e r -  

mea t ion  w i t h  h igh  hydraz ine  a d s o r p t i o n .  The h y d r a t e d  s i l i c a  

and  c l ay  f i l l e r s  appeared t o  have  a h igh  a f f i n i t y  t o  h y d r a z i n e  

w h i l e  s i m u l t a n e o u s l y  showing e x c e l l e n t  c o m p a t i b i l i t y .  Corpound 

5 ,  f o r  example,  had a w e i g h t  g a i n  of 22 .91% a f t e r  2 8 6 . 5  h o u r s  

and  ye t  had no de tec tab le  pe rmea t ion  a t  t h e  end of 759.25 h o u r s  

of e x p o s u r e .  Conver se ly ,  Compound 8 had a weigh t  i n c r e a s e  o f  

o n l y  4.95% whi l e  t h e  pe rmea t ion  t e s t  was d i s c o n t i n u e e  a t  140.75 

h o u r s  when t h e  r a t e  had a l r e a d y ' r i s e n  t o  . 3 3 4  milligrams p e r  

s q u a r e  i n c h  p e r '  hour .  The weight i n c r e a s e s  were a p p r o x i n a t e f y  

FlCP 



1 

' 10. 
e 1 
II 

. .  ,:near from 70 t o  2 8 € . 5  h o u r s  o f  h y d r a z i n e  imnersion. T h e  

c e s i  :;rtm?les which were employed i n  pe rmee t ion  deterxinht: 0:;s I 

"ere s l s o  weighed. In comparinc t h e  r e s u l t s  o f  xciy!:t i ~ : = . ~ ~ ~ . c ? s e s '  

i n  Tables I V  and V ,  i t  i s  evidect t h a t  t h e  v a l u e s  a rc  m c : .  1 ~ i ; ~ r :  

i n  Table V. T h i s  1s due t o  t h e  f z c t  t h a t  h y d r a z i n e  is in car.- 

t & c t  with one s lde  of t h c  sample only i n  permeat ion  t e s L 5 ,  >i:?ile 

t h e  e n t i r e  sample i s  immersed du r in f :  weight  i n c r e a s e s  d c t c r -  

ini n a t  i ons . 
I 

The samples f o r  permeat ion  tests r anged  1:: t h i c k r , e s s  fror. 0.952 

t o  0 .067  i n c h e s  which was similar t o  t h e  thickness o f  t h e  

b l a d d e r s .  

i 

T a b l e  I11 

Hydrazine Permeatton a t  f?.oorn 'i'em?erature 

F i r s t  Keas u r a b l e  M;r,/in2/E:.r. 
After 7 5 9 . 2 5  Z r s .  - Compound No. Permeat ion ,  Hrs. 

5 9 0 . 5  .015 
6 593.25 .Olk 
7 
8 
9 
10 

412.25 
6 8 . 5  

*Terminated a t  140 .5  h o u r s .  

,032 
.334* 

0 , 



Table  IV 

Weight I n c r e a s e s  

Compound No. 

5 
6 
7 
8 
9 
10 

70 Iirs. 

1.09 
5.10 
7.75 
6 . 6 6  
8.35 
7 . 6 6  

After  H y d r a z i n e  Immersion 9 Room T e c p e r a t u r e ,  X 

167 Ers. 286.5  H r s .  

rn, 

1.73 
8.81 

5.20 
12.79 

15.15 
1 1 - 7 3  

2.04 

12.91 
18.01 . 

4.95 
2 2 . 9 1  

16.85 

Weight I n c r e a s e s  

of  

Permeat ion  Tes t  Samples, 5 1 
t 8 

!I 

1 Compound No. A f t e r  759.25 Hours @ 3oom Temperature  
5 0 . 5 3  

E 6 4.59 
7 6 . 4 0  f, 

P 

' 8  
9 
10 

I 
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C. 9l:adder F a b r i c a t i o n  .Developner:t  f o r  Mariner 6 9  

Fargo E u b b e r  compound FR~-60-26 was employed in f l i g h t  b l a d d e r s  

f o r  Nayicer 69 ,  based on p r e v i o u s  . q u z l i f i c a t i o n  for Phrimr € a .  

The mold and c o r e s  were mzde from Aluminum A l l o y  60GlT6. 

femaie half o f  t h e  mold was c o n v e n t i o n a l  with guide p i n s  and 

f l a s h  g rooves .  

match t h e  female h a l f  o f  t h e  mold. 

spheres  which s l i d e  t o g e t h e r  i n  a p r e c i s i o n  f i t .  

as shown i n  F i g u r e  I1 had a s t e e l  i n s e r t .  

disassembled by r o t a t i n g  t h e  n ~ u t e r  porticn u n t i l  t n e . r i u t  

ioosened and t h u s  p e r m i t t e d  two h a l v e s  of a s p l i t  washer t o  fail 

There was c l e a r m c e  t o  p u l l  ou t  t h e  i n s e r t  and s h a k e  out t h e  

s p l i t  washer. 

acted as a v e n t .  

?'he 

The c o r e s ,  however, were hol low and aachincd t'o 

They were made as two herni- 

The assexbly 

The i n s e r t  c o u l d  b e  

The i n s e r t  had a h o l e  t h r o u g h  t h e  c e n t e r  whlch 

The c e n t e r l i n e  of t h e  mold was t h e  same as t h a t  of t h e  c o r e  as  

shown i n  Figure 11. 

a c c u r a t e  molding o f  t h e  c r i t i c a l  O-ring sea l  mernjer. The n a i n  

d i f f i c u l t y  was t h e  t e a r i n g  of  b l adde r s  o r  r i b s  n e a r  t h e  p z r t i n g  

l i n e  d u r i n g  b l a d d e r  and core e x t r a c t i o n  fo l lowing  comple t ion  of  

t h e  molding c y c l e .  

' T h i s  p o s i t i o n  o f  t h e  p a r t i n g  l i n e  per in i t ted  

The r u b b e r  was m i l l e d  o u t  t o  a t h i n  shee t  ( . 04  inches  t h i c k )  

and p l a c e d  on t h e  c o r e  at  room t e m p e r a t u r e .  The e n t i r e  c o r e  

was covered  e v e n l y .  A d d i t i o n a l  s t r i p s  were p l a c e d  or. what 

would become t h e  t o p  and bot tom during molding i n  order t o  

a d j u s t  t h e  amount of r u b b e r  p r e s e n t  by w e i g h t .  



'he f e m a l e p o r t i o n  of t h e  nold was coo led  below 300°5' :'or ioac?- 

i n g .  The covered  c o r e  xas p l a c e d  i n  t h e  p r e h e a t z d  lower r o l d  

c a v l t y  and the upper  h a l f  f i t t e d  o v e r  i t .  

t h e n  p l a c e d  i n  t h e  h o t  press and  p re s su re  a p p l i e d .  

commcnccd when t h e  mold reached 305'F. 

The a:jserr.'t;;y was 

Ctire t i c e  

; Cure tcnper?.tLrc:; 

ranged from 305OF t o  330OF. The c o r e  and S l a d d e r  srere 
F 

from t h e  no ld  a f t e r  comple t ion  of  t h e  moldinp: c y c l e .  I; xz:er 

f a emuls ion  o f  UC6 S i l i c o n e  Fold r e l e a s e  was enployec! acc! ns d i f -  

f i c u l t i e s  were encountered  i n  r e r n o v i q  t h e  c o r e  f ron  t h e  rr,o?ci. 
L 
5 

I The b l a d d e r  was t r imed,  v i s u a l l y  i n s p e c t e d  a g a i n ,  ami l e a k  

t e s t ed  whi l e  s t i l l  on t h e  , c o r e .  The O-ring s e c t i o n  was che  
t 
1: 

most c r i t i c a l .  Subsequen t ly ,  t h e  mold was reworked slightly i n  ! f 

ii 
I 

o r d e r  t o  improve t h e  p a r t i n g  l i n e  on t h e  O-r ing.  

If a d e f e c t  was v i s i b l e ,  t h e  r u b b e r  was removed and the c o r e  

was r e u s e d  i n  a subsequent  molding c y c l e .  

Ten heats were r u n  i n  o r d e r  t o  e s t a b l i s h  b ladder  f a b r i c a t i o n  
t 

p r o c e d u r e s  f rom.  Fargo R u b b e r  Compound FR6-60-26. F i v e  b l a d d e r s  

1 p a s s e d  l e a k  tests s u c c e s s f u l l y  and t h r e e  o f  t h e  aluminum c o r e s  

were d i s s o l v e d .  

Table  X V I I I .  

A r e c o r d  of thes,e t e n  heats  i s  g iven  i n  

; 
B A l l  e x t e r i o r  surfaces could  be i n s p e c t e d  v i s u a l l y  while t nc  

b l adde r  was on t h e  c o r e .  The O-ring s e c t i o n  cou ld  be  examined ; l 
II 

In i t s  e n t i r e t y .  A i r  b u b b l e s  cou ld  b e  d e t e c t e d  r e a d i l y .  'rial1 f 

h t n i c k n e s s  cou ld  n o t  be measured t o o  wel l  b u t  s c r a p  b l a d d e r s  

were measured and found t o  b e  w i t h i n  p r i n t  t o l e r a n c e s .  1 



. 

:)le i n i t i a l  l eak  t e s t  w h i l e  t h e  b l a d d e r  was on the  c o r e  x%s 

a c c o c p l i s h e d  w i t h o u t  d i f f i c u l t y .  

'2.w alliminum c o r e  was d i s s o l v e d  by pumping a 1 0 %  so:ution ( o y  

WeiGilt) of Aluninux i n t o  i t  a t  120OF anu a f low rate of orre 

~ ;a11on p e r  minute. 

c o n t a i n s  c h e l a t i n g  a g e n t s .  

a p p a r e n t  K i t h  t h e  c e s s a t i o n  of  hydrogen e v o l u t i o n .  

Core d i s s o l u t i o n  p rogres sed  s a t i s f a c t o r i l y  u n t i l  pumr, f a i l u r e  

o c c u r r e d .  

presented considerable d l f f i cu1 t .y  during c l e m i ~ g  o p e r a t i z r s .  

It was n e c e s s a r y  t o  e v e r t  the bladders  i n  o r d e r  t o  r e a c h  a l l  

i n t e r i o r  s u r f a c e s .  The p r o c e s s  of e v e r s i o n  caused  damage' t o  

t h e  ends  of s e v e r a l  r i b s  and was e l i m i n a t e d  d u r i n g  the l a t e r  

p r o d u c t i o n  phase .  Bladders were leak-tested by p r e s s u y l z i n g  

w i t h  a i r  t o  1 p s i  and submer@ing i n  water for t h r e e  minu tes .  

No e v i d e n c e  of leakage was a l lowed .  

B l a d d e r s  were washed w i t h  a 1% s o l u t i o n  of  Bas i c  H s o l u t i o n  

a f t e r  c o r e  d i s s o l u t i o n .  

removed by  s c r u b b i n g  w i t h  a ny lon  b r u s h  and l i q u i d  honing .  

F i n a l  c leanine :  c o n s i s t e d  o f  washing  w i t h  a 1% s o l u t i o n  o f  

Bas i c  H followed by a rinse w i t h  d e i o n i z e d  water'. 

Alurnlnux is a sodium hydroxide base  w h i m  

Completion o f  c o r e  d i s s o l u t i o n  oas 

Dryout o f  p r e c i p i t a t e s  on t h e  b l a d d e r  surf 'aces  

Depos i t s  from c o r e  d i s s o l u t i o n  were 



D. 

The f a b r i c a t i o n  and process i r ig  p r o c e d u r e s  which were deve lo?ed  

a n d e r  t h e  p r e v i o u s  s e c t i o n  were employed I n  t h e  productlo:: c r  

b l a d d e r s  from Fargo  Rubber T u t y l  Compound FR-6-60-26. 

p r o p e r t i e s  o f  t h e  b a t c h e s  are g i v e n  i n  T a b l e  XV. 

J i f f i c u l t i e s  i n  s h e e t i n g  t h e  r u b b e r  t o  t h e  d e s i r e d  t h i c k n e s s  

! 
E 
I 
I 
E 

P h y s i c 2 1  

and f ree  frorn a i r  b u b b l e s  i n i t i a l l y  caused  c o n s i d e r a S l e  r e j c c -  
i 

t l o n s  i n  t h e  p r o d u c t i o n  run. The i n c i d e n c e  of air b u b b l e s  i n  a 

s c r a p  p a r t  u s u a l l y  c o n s i s t e d  o f  o n l y  one OF two. There was no 

p a t t e r n  w i t h  r e s p e c t  to l o c a t i o n  of  t h e  b u b b l e s .  

The c o r e  d i s s o l u t i o n  p rocedure  was expanded i n  o r d e r  t o  i n c l u d e  

p r o v i s i o n s  f o r  pump f a i lu re .  B a s i c a l l y ,  t h e  bladder was coin- 

p l e t e l y  submerged i n  e i t h e r  Aluminux s o l u t i o n  o r  water u n t i l  

t h e  c o r e  was d i s s o l v e d .  T h i s  minimized d e p o s i t i o n  of p r e c l p i -  

t a t e  on the b l a d d e r  s u r f a c e  and s i m p l i f i e d  c l e a n i n g .  It  was 

p o s s i b l e  t o  e l i m i n a t e  e v e r s i o n  from t h e  ‘ c l e a n i n g  p r o c e s s  am1 

t h u s  reduced t h e  p o s s i b i l i t y  of damaging b l a d d e r s .  

For ty-seven  heats were run  i n  o r d e r  t o  produce e i g h t  bladders. 

The b l adde r s  were main ta ined  i n  t h e  molded c o n f i g u r a t i o n  d u r i n g  

s t o r a g e  and sh ipmen t .  



E. 

I 

ajladder P a b r i c a t i o n  .from Compound 5 

i i ine  hea ts  were run  in e f f o r t s  t o  produce  b l a d d e r s .  T h r e e  

Siaauers were s u b m i t t e d  f o r  f u r t h e r  p r o c e s s i n g  b u t  f a i l e d  leak 

tes ts .  

Four of t h e  r ema in ing  b l a d d e r s  were t o r n  c u r i n g  removal a n c  

t h e  r ema in ing  two h a c  e x c e s s i v e  b a c k r i n d .  T h i s  i s  a n  ex t r cze ly  

roclgh c o n d i t i o n  a t  t h e  p a r t i n g  l i n e  which canno t  b e  trimned 

s a t i s f a c t o r i l y .  The compound had s a t i s f a c t o r y  no ld ing  cha rzc -  

t e r i s t i c s  as f a r  as f l o w  and molded appea rance  were concerned .  

K n i t t i n g  was no t  as good as t h a t  o f  most b u t y l  compounds. The 

u n d e r c u t  p o s i t i o n  o f  t h e  r i b s  a t  b o t h  ends of t h e  b l a d d e r  was 

t h e  major  c a u s e  o f  r u p t u r e .  Cool ing  o f  t h e  mold t o  200'F o r  

l e s s  b e f o r e  a t t e m p t i n g  e x t r a c t i o n  was t r i e d  b u t  no b l a d d e r  

w i t h  s a t i s f a c t o r y  c h a r a c t e r i s t i c s  was produced .  

The  l o a d i n g  of s h e e t e d  coinpound on t h e  c o r e  was c o n s i d e r a b l y  

more d i f f i c u l t  w i t h  Compound 5 as compared t o  E u t y l .  I t  nas 

ve ry  l i t t l e  s u r f a c e  t ack iness  and t h e r e f o r e  t h e  p re fo rm t e n d e d  

t o  disassemble. 
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F. ijlaucer F a b r i c a t i o n  from Compound 10 

Twenty-five hea ts  were r u n  I n  o r d e r  t o  produce s i x  b l . adde r s  

from Compound 1 0 .  A s  i n  t h e  c a s e  of  Compound 5 ,  the loadir.;: o f  

t h e  mold w i t h  t h i n  shee t s  of mater ia l  was compl i ca t ed  by  t h e  

l a c k  of t a c k i n e s s .  The  molding c h a r a c t e r i s t i c s  of' this c o n p o u ~ d  f 

a re  Genera l ly  good. 

I 
i 

- 3 u r l n g  ear ly  h e a t s ,  t ea r ing  of  t h e  r l b s  was e x p e r i c n c e d ;  tliere- i 

Ir 

f o r e ,  t h e  mold was reworked so  t h a t  t h e  ends o f .  t h e  r l b s  were 

radlused.  There was also i n c i d e n c e  o f  r u p t u r e s  due t o  mold 

a d h e s i o n  which i n i t i a t e d  a mold release study. Data is sun- 

Earlzed i n  Table  V I .  

II 

Table  V I  

Mold Re lease  E f f i c i e n c y  

S u r f a c e  Rat 1r.g 

* Lubeco ME-98 E x c e l l e n t  
It* Nicroseal 200-1 Good 
** N i c r o s e a l  100-1 Good 
* Lubeco 7046 Good 

S i l i c o n e  Spray  F a i r  

F luo roca rbon  Spray  Poor 
Mica Dust Poor e 

*Lubeco, 1322 S. Alameda, Compton, C a l i f o r n i a ,  9 0 2 2 1  

**Microsea l  C o r p o r a t i o n ,  16322 S .  F i g u e r o a ,  Gardena,  Calif.33247 

~~ 



, f  18. 
S i n c e  t h e  mold i s  made of aluminum,' M i c r o s e a l  200-1 was s e l e c t e d  I 

as the safest  compromise c o a t i n g  t o  a p p l y .  

NR-98 was s u p e r i o r  bu t  r e q u i r e d  a t e m p e r a t u r e  of 5 0 0 ° F  dL:=.ing 

a p p l i c a t i o n  a s  compared t o  35OoF f o r  t h e  200-1. Lubeco X?-36 

s h o u l d  b e  i d e a l  f o r  s t e e l  molds. 

LuSeco Co2tir.g 
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Spray  t y p e  l u b r i c a n t s  were n o t  s u f f i c i e n t l y  e f f e c t i v e  t o  be 

used a l o n e .  The l u b r i c a n t  on t h e  c o r e  of t h e  mold tended to 

gather  a t  t h e  p a r t i n g  l i n e  an6  czused  flow lines on t h e  i n t e r i o r  

o f  t h e  b l adde r s .  

I n  a d d i t i o n  t o  l u b r i c a t i o n ,  it was n e c e s s a r y  t o  c o o l  t he  nold 

below 200°F while  t h e  mold was s t i l l  under  h y d r a u l i c  p r e s s z r e  , 

in o r d e r  to e x t r a c t  the bladders  from t h e  nold satisfactorily. 

It s n o u l d  be mentioned t h a t  Compound l 0 ' t e n d s  t o  adhere t o  ti ,e 

mo Id 

c y c l e  d e s p i t e  c l e a n i n g  of t h e  mold w i t h  e i t h e r  m e t h y l  e t h y l  

k e t o n e  o r  t o l u e n e  if bare metal. is employed. 

more s e v e r e l y  w i t h  each s u c c e s s i v e  molding 

Weight c o n t r o l  o f  t h e  s t o c k  p r e p  was employed d u r i n g  t h e  e n t i r e  

program. Even thougn t h e  aluminum she l l s  which comprlse  t h e  

c o r e s  were of s u b s t a n t i a l  t h i c k n e s s  (3/8"), t h e y  would s t i l l  

d i s t o r t  when uneven loads were imposed. 

The molding p rocedure  which produced s a t i s f a c t o r y  b l a d d e r s  from 

Compound 10  c o n s i s t e d  of t h e  f o l l o w i n g  s t e p s :  



ClOO 

a.  
b .  

C .  

d.  

e .  
f .  

g *  

s Load mold a t  2SOOF. 
Raise h y d r a u l i c  pressure t o  d e s i r e d  l e v e l  . 

i n  s e v e n  equal steps a t  one inir.ute i n t e r v a l s  
( u p  t o  300 t o n s ) .  
Hold a t  working h y d r a u l i c  pressure f o r  a nlrii- 
mum o f  lj minutes  o r  u n t i l  s t o c k  c e a s e s  flowin;:. 
iiaise t e m p e r a t u r e  t o  c u r i n g  l e v e l  ( 3 2 C O F ) .  
Hold a t  c u r e  t e m p e r a t u r e  f o r  one hour .  
Cool mold t o  200°F o r  less w i t h  working hydraulic 
pressure a p p l i e d .  
Release h y d r a u l i c  pressure and open aola slcwly.  

3 
E 
I 1 
i 

R 

I 

e 
6 
E 

I 

Leak t e s t i n g ,  t r imming,  and I n s p e c t i o n  p r e s e n t e d  no p r o b l e s s .  

The c o r e  c i s s o l u t i o n  p rocedure  r e q u i r e d  f u r t h e r  s t u d y  and k 
r e v i s i o n .  It  was found t h a t  Aluminux a t  105 c o n c e n t r z t i o n s  F 

1 
were i n j u r i o u s  t o  Compound 10, c a u s i n g  s u r f a c e  d e g r a d a t i o n .  

Heavy d e p o s i t s  of  Aluminum oxLde adhered t e n a c i o u s l y  t o  t h e  s u r -  

1 f a c e . .  After  a short s t u d y ,  t h e  p r o c e d u r e  which evolved  c o n s i s -  

t e d  o f  t h e  f o l l o w i n g  steps: 

a. Prepare a s o l u t i o n  o f  sodium hydrox ide  w i t h  
a 2.5% concent  r a t  i o n .  

b. Adjus t  t h e  t e n p e r n t u r e  t o  110 ?lO°F. 
c .  Add b l a d d e r  and c o r e .  
d .  Commence pumping at the rate of  one g a l l o n  

e .  Change s o l u t i o n  a f t e r  two days .  
f .  Cont inue d i s s o l u t i o n  u n t i l  hydrogen e v o l u t i c r .  

p e r  minute .  

ceases.  

Approximately 15 days were r e q u i r e d  t o  comple te  t h e  c o r e  &.is- 

s o l u t i o n .  Despite the  decrease in c o n c e n t r a t i o n  and  t empera -  

t u r e ,  t h e  c o r e  d i s s o l u t i o n  c o n t i n u e d  t o  be c a u s e  f o r  concern .  



A .  

%:ere was a d i s c o l o r a t i o n  o f  t h e  r u b b e r  and one of  t h e  3 l a c d e r s  

cieveloped l o c a l i z e d  b l i s t e r s  d u r i n g  t h e  p o s t  c u r e  p e r i o d .  

IV. CONCLUSIONS 

CGmpouna Developne n t  

Data i n d i c a t e s  t n a t  both e t h y l e n e  p r o p y l e n e  copo lyne r s  arid 

tcyyolymers  may b e  compounded f o r  s e r v i c e  i n  h y d r a z i c e .  F i l l e r s  

w h i c h  are c o n s i d e r e d  i n e r t  i n  t h l s  work  showed an Improvement 

o v e r  ca rbon  b l a c k  w i t h  r e s p e c t  t o  h y d r a z i n e  decompos i t ion .  

Hycirazlne pe rmea t ion  was fourid t o  be low while weight i f i z r e z s e  

i n  some c a s e s  were h i g h .  

Although t h e  compress ion  se t  data of compounds which shoxed up 

best  i n  h y d r a z i n e  decomposi t ion  t e s t s  were no t  among t h e  lowes t  , 
t h e y  were n o t  so h i g h  as  t o  p r e c l u d e  s a t i s f a c t o r y  O - r i n g  s e a l l n g  

I n  comparing t h e  p h y s i c a l  p r o p e r t i e s  of Compounds 5 ,  6 ,  3 ,  and 

1 0 ,  Compound 1 0  has t h e  b e s t  b a l a n c e  of p r o p e r t i e s  f o r  b l a d d e r  

a p p l i c a t i o n s ;  n e x t  would be Compound 5 ,  6 ,  and 8 ,  r e s p e c t L v e l y .  

The f o l l o w i n g  t a b l e  shows t h e  aims o f  compound development and 

t h e  d e g r e e  of achievement .  The pressure r i s e  of Conpoilnd 1 0  

( 6  p s i )  when compared with t h e  b l a n k  (4 .5 p s i  i n  6 0  d a y s )  ir:clJ-- 

ca tes  t h a t  t h e  p r e s s u r e  r ise c r i t e r i a  h a s  been met. T h i s  kiss 

t h e  p r imary  e f f o r t  i n  t h e  compounding program. 

20. 
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T a b l e  VI1 

CompoundinK Goals a n d  A t t a i n m n t  

1. P e r m e a b i l i t y ,  
mg/i d / h r  

2 .  C o m p a t i b i l i t y ,  p s i  
r i s e  i n  60 days 

3. E l o n g a t i o n ,  % 

4 .  T e n s i l e  S t r e n g t h ,  p s i  

5. S h o r e  A H a r d n e s s  

6 .  Compress ion  Set, Z 

D e s i r e d  A c t u a l  
5 6 

c o 1  * 

2 

325 225 

3000  

75 +5 

20 max 

17 

190 

i 3 0 0  

6 5  

12 .2  

* 

30 

3 C O  

1050 

57 

22.1 

*See T a b l e  111, Page 10. 

21. 
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3 .  3,ladder F a b r i c a t i o n  

no e x t e n s i o n s  of e x i s t i n g  p r i n t  t o l e r a n c e s .  The  t e c h c i q u e s  a r e  

a p p l i c a b l e  t o  b l adde r s  of  11 i n c h e s  o r  l ess  i n  diameter ~ i c n o u t  

cated b u t  the upper  U n i t  i n  s i z e  i s  n o t  i m m e d i a t e l y  o b v i o s s .  

Biadders  which a re  20 i n c h e s  i n  diameter should bg f c b s i b l e .  

a re  wall t h i c k n e s s  c o n t r o l  (Khether  c o n s t a n t  thickness o r  t ape req  

p r e c i s i o n  molding o f  s e a l i n g  e l e m e n t s  and i n c o r p o r a t i o n  o f  con- 

t l n u o u s  o r  segmented r i b s .  

The p r o c e s s e s  of t r imming 2nd l e a k  t e s t  are s a t i s f a c t o r y .  

I n s p e c t i o n  t e c h n i q u e s  of  bladders  on c o r e s  pe rmi t s  v i s u a l  

e v a l u a t i o n  of s l i g h t l y  over 50% o f  the s u r f a c e  area w i t : ?  t h e  

O-r ing s e a l i n g  s e c t i o n  b e i n g  e n t i r e l y  exposed.  The hazard 

e x i s t s  t h a t  an  i n t e r n a l  flaw may b e  p r e s e n t  i n  the b l a d d e r  v::iicn 

wlil not  be d e t e c t e d  u n t i l  t h e  c o r e  is d i s s o l v e d .  T h e  co'rcs 

are  r e l a t i v e l y  e x p e n s i v e  a n d ,  t h e r e f o r e ,  shou ld  oniy b e  d i s -  

s o l v e d  when assurar ice  ot '  a s u i t a b l e  b l adde r  h a s  b e e n  e s c e r t a i n e d  

The c o r e  d i s s o l u t i o n  p r e s e n t e d  v i r t u a l l y  no problem w ' t h  t h e  

l j u t y l  compound. However, Compound 1 0  was much n o r e  s e n s i i i v e  

and r e q u i r e d  a r e v i s i o n  of t n e  p rocedure  i n  o r d e r  t o  I n c l u d e  

' 190  
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when i n e r t  f i l l e r s ,  rather t h a n  ca rbon  b l a c k s ,  

t h e  p r o s p e c t s  o f  compounding S u t y l  r u b b e r  for low h y e r a z i n e  

decompos i t ion  appea r s  p a r t l c u l a r l y  a t t r a c t i v e  and should %e p u r -  

s u e d .  

g a s e s  t h a n  e t h y l e n e  propylene  r u b b e r s  and ,  t h e r e f o r e ,  c o n t i c u e  

t o  b e  c o n s i d e r e d  where exposure  t o  h y d r a z i n e  and gases i s  

r e q u i r e d .  

Vango of t h e  Jet P r o p u l s l ~ n  Labora to ry  has suggested varying 

t h e  f i l t e r  l e v e l  i n  o r d e r  t o  s t u d y  t h e  pe rmea t ion  and. weight  

changes I n  greater  d e t a i l .  

S i n c e  p a s s i v a t i o n  by presoak i n  h y d r a z i n e  was found t o  be 

e f f e c t i v e ,  It s h o u l d  be  op t imized .  

A d d i t i o n a l  p r o p e r t i e s  such  as t e n s i l e  s t r e n g t h ,  e l o n y a t i o n ,  

modulus, h a r d n e s s ,  and volume sweil s h o u l d  be s t u d i e d  during 

h y d r a z i n e  immersion t e s t s .  

Bladders a re  much more d i f f i c u l t  t o  produce t h a n  diapkragris;  

' t h e r e f o r e ,  compounds which  l o o k  p romis ing  should be e v a l u a t e d  

are employed, 

B u t y l  r u b b e r s  are w e l l  known f o r  lower permea t ion  t a  

i n  t h e  diaphragm c o n f i g u r a t i o n  p r i o r  t o  seanless blatl t lcr  f a b r l -  

c a t i o n .  J P L  t o o l i n g  i s  a v a i l a b l e  fop t h i s  pu rpose .  

It i s  l i k e l y  t h a t  c o r e s  can be c o n s t r u c t e d  which are c a p z b l e . o f  

d i sa s sembly .  T h i s  is p r i m a r i l y  a d e s i g n  problem of obFair. ing 

c 1 7 0  



d imens iona l  s t a b i l i t y  d u r i n g  a p p l i c a t i o n  o f  t h e  moldice: 

p r e s s u r e .  

Rad iograph ic  e v a l u a t i o n  of the i n t e r n a l  c l e a n l i n e s s  o f  r u b b e r  

compos i t ions  i s  s e n s i t i v e  enough t o  d e t e c t  p a r t i c l e s  as  snell 

as .OO5" i n  diameter. One of  t h e  most comrcon types o f  contarn:- 

n a t i o n  i s  metal p a r t i c l e s .  It i s  recommended t n a t  r a d l o g r a g h i c  

a n a l y s i s  be  I n c o r p o r a t e d  i n  f u t u r e  work i n  order t o  c h e c k  kiomo- 

E c n e i t y  of test samples and also t o  p r o v l d e  3 t o o l  for measur iny;  

c l e a n l i n e s s  of f i n i s h e d  p r o d u c t s .  

25.  
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C u r e ,  : - l inutes  i? 310'F 

Tensile S t r e n p t h  p s i  

ElonT:ation 5 

200% Modulus, p s i  

! i s rdness ,  Shore A 

x 4 5  

6 3  63  G 2 F 
II 
i 

P h y s i c a l  P r o p e r t i e s  

I 

I 

Cure, !dinUtes 8 310'~ "33 4 5 Go 

I T e n s i l e  S t r e n g t h ,  psi 275a  2750 2750 
U 

E l o n g a t i o n ,  5 340 3l:o ,350 

200; Modulus, p s i  1130 . 1 1 0 0  1025 

i i a rdness ,  Shore 67 68 07 



. . 

m ~ e ~ s i l e  S t r e n g t h ,  psi 

P h y s i c a l  P r o p e r t i e s  

Cure Minutes @ 3100? 330 21 5 G O  

Tensile S t r e n p t h ,  psi 1390 1300 1 3 0 3  

E l o n g a t i o n ,  % 

100% Kcdulus ,  p s i  

190 

550 

135 

520 

190 

560 

Hardness ,  Shore  A 65 b ‘ j  64 

Tnysica l  Properties 

C u r e ,  Minutes 2 ~ ~ O O F  

Tensile S t r e n g t h ,  p s i  
E l o n p a t i o n ,  % 
200s blodulus, psi 
E a r d n e s s ,  Shore  A 

30 
1 0 5 0  

310 
550 

5 7 .  

45 
1000 

390 

Goo 
57 

J F l C P  
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P h y s i c a l  P r o p e r t i e s  

P h y s i c a l  P r o p e r t i e s  
Cure, M i n u t e s  t? 31OoT' 

T e n s i l e  S t r e n R t h ;  p s i  

i d o n p a t i o n ,  % 

2 0 0 %  Modulus, p s i  

v 

3'3 

10 00 

410 

675 

P h y s i c a l  P r o p e r t i e s  

C u m ,  N i n u t e s  @ 31OoFq 
T e n s i l e  S t r e n K t h ,  p s i  
s l o n g a t i o n ,  I 
2C3$ Y o d u l u s ,  p s i  

Hardness, Shore A 

r.  

30 
1700 
180 
-- 
73 

a 4 5  
1 7 0 0  

180 
-- 
75 
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P h y s i c a l  P r o p e r t i e s  
4 5 60  Zhr, P r e s s  Cure, Minu tes  @310°F 39 

-- -- -- 4 Oven C u r e ,  h o u r s  e 350°F 
' i 'ensi l e  S t r e n R t h ,  p s i  

E l o n r a t i o n ,  7u 

I s a 0  

610 

1525 

5 8 0  

TABLE XX 

T h y s i c a l  P r o p e r t i e s  

Ratch No. 

Cuz-e, N i n u t e s  e 310°F 
Tensile S t r e n K t h ,  p s i  

E l o n c a t i o n ,  5 

200% :~lodulus, psi 

Hardness, Shore  A 

None 

40 

1165  

355 

450 

50  



! 4 t .  of  Load in q C u r e  
kie a t Stock Tf2T.p i? 3109 

’ Ounces c) 1.’ T4in u t e s 3esu:ts --_-_---.------- ---------.--_--.---_- No. Sa tch  No. --. -- 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

525 

528 

528 

528 

528 

529  

16 305 40 

1 5  310 4 0  

1 4  180 40 - 

1 5  225 46 

14 215 

1 3  3/11 255 

1 5  225 

1 3  1/2 280 

1 3  314  285 

1 3  314 280 

40 

40 

40  

GO 

60 

G O  

Passed  l e a k  
t e s t ;  disr ,olvcu 
co re  

A i ?  bubSles  
d i s c a r d  t4 a 

Passed  leak 
t e s t ,  in 
s to rape  

Rac k ~ l n d  , 
d i s c a r d e d  

Air S G h S l e s ,  
d i s c a r d e d  

Passed  l eak  
t e s t ,  c o r e  
dissolved 

P3-is:;ed l e 2 k  
test ; ,  C0”e 
dissolvcd 

33. 
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